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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a device for controlling 
a compressor of a fuel cell system for vehicle improving 
efficiency of the fuel cell system in the whole area including a 
frequently used low load area. 

SOLUTION: According to two compressors 1 f 2 having different 
capacities and output required for a fuel cell 4, only a small 
compressor 2 is operated, in a first area (G0<G1) where an 
airflow rate corresponding to the required output is less than 
the maximum efficiency generating airflow rate of the small 
compressor 2. Both the large and the small compressors 1 , 2 
are operated with them being switched, in a second area (G1< 
G0<G2) where the airflow rate corresponding to the required 
output is more than the maximum efficiency generating airflow 
rate of the small compressor 2, and the efficiency of the large 
compressor 1 is less than the maximum efficiency of the small 
compressor 2. Then, only the large compressor 1 is operated, in 
a third area (G2<G0) where the airflow rate corresponding the 
required output is in the range in which the efficiency of the 
large compressor 1 is more than that of the small compressor 2. 
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* NOTICES * 

JFO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The compressor control unit of the vehicle use fuel cell system characterized by to have the 
compressor of size plurality which supplies air to a rechargeable battery, the sensor which detects the charge 
condition of the above-mentioned rechargeable battery, a fuel cell, the equipment which supplies hydrogen 
to the above-mentioned fuel cell, and the above-mentioned fuel cell, and with which capacity differs, and 
the control means which control to change two or more above-mentioned compressors corresponding to the 
output required of the above-mentioned fuel cell, and to send air to the above-mentioned fuel cell. 
[Claim 2] The above-mentioned control means operates only the above-mentioned smallness compressor in 
the 1st field whose air flow rate equivalent to the output required of the above-mentioned fuel cell is below 
the maximum effectiveness outbreak flow rate of the above-mentioned smallness compressor. The air flow 
rate equivalent to the above-mentioned output by which a demand is carried out from the maximum 
effectiveness outbreak flow rate of the above-mentioned smallness compressor in size And in the 2nd field 
whose effectiveness of the above-mentioned large compressor is the flow rate range below the maximum 
effectiveness of the above-mentioned smallness compressor, change size both the above-mentioned 
compressors and they are operated. The compressor control unit of the vehicle use fuel cell system 
according to claim 1 characterized by what is been what the air flow rate equivalent to the above-mentioned 
output by which a demand is carried out controls by the 3rd field whose effectiveness of the above- 
mentioned large compressor is the flow rate range beyond the maximum effectiveness of the above- 
mentioned smallness compressor to operate only the above-mentioned large compressor. 
[Claim 3] The change control of the above-mentioned large compressor and the above-mentioned smallness 
compressor in the 2nd field of the above is the compressor control unit of the vehicle use fuel cell system 
according to claim 2 characterized by controlling by the condition [ need / the above-mentioned 
rechargeable battery / to be charged ] according to the charge condition of a rechargeable battery to operate 
the above-mentioned large compressor and to operate the above-mentioned smallness compressor in the 
condition [ need / the above-mentioned rechargeable battery / to be discharged ]. 

[Claim 4] The compressor control unit of the vehicle use fuel cell system according to claim 3 characterized 
by changing the change point of the above-mentioned large compressor and the above-mentioned smallness 
compressor in the 2nd field of the above according to the difference of the actual output of the above- 
mentioned fuel cell, and the output of which it is demanded from the car run state. 

[Claim 5] The compressor control unit of a vehicle use fuel cell system given in any of claim 1 characterized 
by setting the maximum effectiveness outbreak flow rate of the above-mentioned smallness compressor as 
the flow rate corresponding to a value with an output [ of a fuel cell ] of lOkW or less with an output 
required for city transit mode thru/or claim 4 they are. 

[Claim 6] The compressor control unit of a vehicle use fuel cell system given in whether any of claim 1 
which sets up so that the value adding the maximum effectiveness outbreak flow rate of the above- 
mentioned large compressor and the maximum effectiveness outbreak flow rate of the above-mentioned 
smallness compressor may serve as rated output of the above-mentioned fuel cell, and is characterized by to 
have the mode inwhich the above-mentioned large compressor and the above-mentioned smallness 
compressor are operated to coincidence in the field of the flow rate more than the maximum effectiveness 
outbreak flow rate of the above-mentioned large compressor thru/or claim 5 they are. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the compressor control technique in the fuel cell for a car 

drive. 

[0002] 

[Description of the Prior Art] In a vehicle use fuel cell system, air required for a fuel cell is supplied using a 
compressor. And in the conventional fuel cell system, only one compressor was formed, and it has set up so 
that a compressor may become the maximum effectiveness point (the maximum effectiveness outbreak flow 
rate) in the amount of air supply near the rated output (maximum output) of a fuel cell. However, in the fuel 
cell system for cars, since operating frequency is high, if the direction of a partial load field controls as 
mentioned above, the whole effectiveness will fall. For example, drawing 10 is the property Fig. showing 
the relation of the air flow rate and the fuel cell load, and effectiveness at the time of performing the 
conventional compressor control like the above. Although fuel cell stack effectiveness increases in the low 
loading region where operating frequency is high when the effectiveness of a compressor is set up so that it 
may become max near a rated load as shown in drawing 10 , since compressor effectiveness falls sharply, 
the effectiveness of the whole fuel cell system will fall. This cause is because the compressor occupies the 
great portion of auxiliary machinery driving force which makes fuel cell stack effectiveness lose in weight. 
[0003] Moreover, since the effectiveness of a low loading region is raised, how (a compressor is also 
intermittently operated according to a fuel cell system) to use a fuel cell system intermittently at the 
maximum effectiveness point of a system can be considered, using a rechargeable battery as a buffer. 
However, by this approach, there is a problem like a degree practically. That is, in this case, although the 
equipment made to generate hydrogen using a reforming machine (catalyst equipment) from fuels, such as a 
methanol, may be used in a practical system, even if it stops a fuel pump, since hydrogen continues 
occurring for a while from the fuel which remained in piping, if a fiiel cell is stopped intermittently, 
hydrogen in the meantime will be exhausted vainly and system efficiency will not increase. 
[0004] 

[Problem(s) to be Solved by the Invention] As mentioned above, control of the compressor in the 
conventional fuel cell system had the problem that system-wide effectiveness will fall in the partial load 
region where operating frequency is high as an object for cars. 

[0005] This invention is made in order to solve the problem of the conventional technique like the above, 
and it aims at offering the compressor control unit of the vehicle use fuel cell system which can raise the 
effectiveness of a fuel cell system in the field of the whole including the low loading region where operating 
frequency is high. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, it constitutes so that this 
invention may be indicated to a claim. That is, in invention according to claim 1 , it has the compressor of 
size plurality and controls to change two or more above-mentioned compressors, and to send air to a fuel 
cell corresponding to the output required of a fuel cell. For example, a small compressor is a partial load 
region (for example, a city transit mode region: although based also on a car, usually). A fuel cell output sets 
the maximum effectiveness outbreak flow rate as a field 1 OkW or less. A large compressor by setting up the 
maximum effectiveness outbreak flow rate near the rated point (the maximum horsepower generating area), 
and using it according to the output value which a fuel cell requires, and the maximum effectiveness 
outbreak flow rate of a large and small compressor, changing a large and small compressor A compressor 
can always be operated in the efficient condition by the operating range of the whole including the low 
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loading region where operating frequency is high. Moreover, since it is not intermittent in operation of a fuel 
cell, it becomes, without hydrogen becoming useless like said conventional example. 
[0007] Moreover, invention according to claim 2 to 5 shows the concrete configuration of the compressor 
control in claim 1 . In addition, the above-mentioned configuration is equivalent to the gestalt of for 
example, the after-mentioned 1st operation. 

[0008] Moreover, invention according to claim 6 is set up so that the value adding the maximum 
effectiveness outbreak flow rate of a large compressor and the maximum effectiveness outbreak flow rate of 
a small compressor may serve as rated output of a fuel cell, and it consists of fields more than the maximum 
effectiveness outbreak flow rate of a large compressor so that it may have the mode in which a large 
compressor and a small compressor are operated to coincidence. Thus, since the capacity of a large 
compressor can be set up by constituting smaller than rated output, it can miniaturize. In addition, the above- 
mentioned configuration is equivalent to the gestalt of for example, the after-mentioned 2nd operation. 
[0009] 

[Effect of the Invention] According to this invention, by the operating range of the whole including the low 
loading region where operating frequency is high, there is no depression of effectiveness and the 
effectiveness that high fuel cell system efficiency is realizable is acquired. Moreover, the effectiveness that a 
large compressor can be miniaturized is acquired in invention according to claim 6. 
[0010] 

[Embodiment of the Invention] Hereafter, this invention is explained based on a drawing. Drawing 1 is the 
block diagram showing the configuration of the gestalt of 1 operation of this invention. If a configuration is 
explained first, the air supply to a fuel cell 4 will change the regurgitation air of the large compressor 1 and 
the small compressor 2, will change it with a vessel 3, and will be performed. In addition, the large 
compressor 1 is a big compressor of an air flow rate, the small compressor 2 is a compressor with an air 
flow rate smaller than it, for example, the large compressor 1 has the maximum effectiveness outbreak flow 
rate near the rated point (the maximum horsepower generating area), and the small compressor 2 has the 
maximum effectiveness outbreak flow rate in a partial load region (although [ For example, a city transit 
mode region : ] based also on a car, a fuel cell output [ Usually ] field lOkW or less). It shall be contained in 
the above-mentioned compressor although the motor for a drive of the above-mentioned compressor is not 
illustrated. On the other hand, although the hydrogen supply to a fuel cell 4 showed the example which uses 
what reformed fuels, such as a methanol, with the reforming vessel (catalyst equipment) 5, of course, it may 
also be hydrogen supply from a hydrogen storage material or a hydrogen tank. In this case, the reforming 
machine 5 is unnecessary. Moreover, since a little more air and hydrogen to a generation of electrical energy 
than a complement are supplied to a fuel cell 4, excessive air and hydrogen are exhausted. 
[001 1] The output of a fuel cell 4 is adjusted on an electrical potential difference predetermined by the 
electrical-potential -difference transducer 6 by the operation indication signal S 1 from a controller 1 0, and is 
supplied to the motor 7 for driving a car, and the dc-battery 8 for buffers. The DOD sensor 9 which detects 
the depth of discharge DOD (it is 0% at% [ 100 ] and a full charge by all discharge) of a dc-battery is 
formed in the dc-battery 8, and the charge (discharge) condition of a dc-battery 8 is inputted into the 
controller 10. 

[0012] Furthermore, a controller 10 performs the operation defined beforehand based on the accelerator 
opening signal S6, the accelerator opening rate-of-change signal S7, and a vehicle speed signal S8, opts for 
the output of a fuel cell 4, and it outputs the operation indication signals S2-S5 so that the air and hydrogen 
of the specified quantity may be supplied to the reforming machine 5, the change machine 3 and the large 
compressor 1, and the small compressor 2 to a fuel cell 4. And output-signal S9 of a fuel cell 4 is fed back to 
a controller 10. In addition, although each above-mentioned signal S6 - S9 are given from each sensor, those 
sensors are omitting illustration. 

[0013] Next, an operation is explained, a large compressor 1 set up the maximum effectiveness point near 
the rated point ( maximum output generating area ) , and as a property Fig. be show in drawing 9 , a small 
compressor 2 set the maximum effectiveness point as a partial load region , and it consider how to control to 
operate the compressor of a direction which can generate efficiently the air content corresponding to the 
output of the fuel cell system demand from a run state as easiest example of the compressor control at the 
time of have the compressor of two size as mentioned above . However, in that case, since the compressor 
effectiveness near the changing point A of a size compressor falls considerably as compared with the 
maximum effectiveness point, in the output area equivalent to especially the changing point A, the 
effectiveness of a fuel cell system will fall between the points of a size compressor generating [ maximum 
effectiveness ]. Therefore, in the gestalt of this operation, it constitutes so that it may explain below. 
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[0014] Drawing 2 is the property Fig. showing the relation of the air flow rate and the fuel cell load, and 
effectiveness in the gestalt of the 1st operation. With the gestalt of this operation, the compressor of two size 
is changed like drawing 2 , and system-wide effectiveness is raised. 

[001 5] First, the air flow rate GO required of a fuel cell 4 according to a car run state carries out individual 
operation of the small compressor 2 in the range smaller than the maximum effectiveness outbreak flow rate 
Gl of the small compressor 2. The approach is controlled to perform revolving speed control and to double 
the amount of discharge flow of the small compressor 2 with GO. In addition, although the maximum 
effectiveness outbreak flow rate of the large compressor 1 is set up near the rating, the small compressor 2 
sets the maximum effectiveness outbreak flow rate as a field with a required for the city transit mode of a 
car fuel cell output of lOkW or less. 

[0016] Moreover, the maximum effectiveness of the large compressor 1 usually becomes higher than the 
maximum effectiveness of a small compressor. So, in the range (G1<G0<G2) where the effectiveness of the 
large compressor 1 is lower than the maximum effectiveness of the small compressor 2, a large and small 
compressor is changed and it operates at the maximum effectiveness point. This concrete way of changing is 
mentioned later. The compressor effectiveness in this range comes to be shown in El , and the effectiveness 
of the whole fuel cell system comes to be shown in E2. Therefore, effectiveness of the part of the range 
indicated to be "the improvement cost in fuel cell system efficiency" to drawing 2 improves rather than the 
property of said drawing 9 . 

[0017] Moreover, in GO >=G2, individual operation of the large compressor 1 is carried out. Like the case of 
said Gl >=G0, the approach performs revolving speed control and doubles the amount of discharge flow of 
the large compressor 1 with GO. 

[0018] In addition, since the maximum effectiveness of the large compressor 1 is generally higher than the 
maximum effectiveness of a small compressor, G2 has been defined as mentioned above, but temporarily, 
the maximum effectiveness of the large compressor 1 defines it as the maximum effectiveness outbreak flow 
rate of the G2= large compressor 1 , the maximum effectiveness of the small compressor 2, an EQC, or in 
being small. 

[0019] By operating a large and small compressor as mentioned above, compared with the case shown in 
said drawing 9 in E2 of drawing 2 where it is used simply, having changed the compressor with higher 
effectiveness, system efficiency does not have depression and becomes efficient all over the districts. 
Moreover, in order to make the compressor of one of size always drive and to continue a generation of 
electrical energy with a fuel cell, as mentioned above, after suspending a generation of electrical energy of a 
fuel cell, hydrogen continues occurring, and it is not said as a result that system efficiency will fall. 
[0020] Next, the gestalt of the 1st operation is concretely explained based on the flow chart in how to 
change the size compressor in said field of GKG0<G2 shown in drawing 3 and drawing 4 . It connects in 
the part of (A) - (G), respectively, and drawing 3 and drawing 4 have become one flow chart. In addition, 
the usual system control shall be described by the main routine and describes only the change part of the 
compressor in connection with this invention as this subroutine. 

[0021] In drawing 3 and drawing 4 , nS (equivalent to a small compressor) and nB (equivalent to a large 
compressor) of a compressor change flag are initialized in the case of car starting (Keown), and presuppose 
that it is 0. Moreover, the air flow rate to which a fuel cell 4 needs the output of the fuel cell 4 which a 
controller 10 determines based on a vehicle run state (for example, the accelerator opening signal S6, the 
accelerator opening rate-of-change signal S7, a vehicle speed signal S8) in W0 and that case is set to GO. 
And W0 and GO shall be calculated by the main routine. Moreover, the DOD signal shall also be read by the 
main routine. 

[0022] In a compressor actuation subroutine, the value of block 1 1 GO judges first whether it is less than 
[ Gl ]. In the case of "yes", individual operation of the small compressor 2 will be carried out as mentioned 
above, and it progresses to block 12. Here, Flag nS is checked and it judges whether the small compressor 2 
has started operation yet and how it is. In "no" (nS=l), it judges that the small compressor 2 is already 
operated, and a return is carried out to a main routine. In "yes", the directions which operate two according 
to the small compressorGO with block 13 are issued. Specifically, a rotational frequency is directed. 
[0023] Next, the small compressor 2 is operated and it makes it reflect in a flag in block 14 to suspend the 
large compressor 1 (nS=l, nB=0). And a halt command is taken out with block 15 to the large compressor 1, 
and it changes so that it may change with block 16 and a vessel 3 may be led to the regurgitation air of the 
small compressor 2 by the fuel cell 4. 

[0024] On the other hand, when it is "no" in block 1 1 , it progresses to block 1 7 and judges whether the value 
of GO is larger than G2. In "yes", individual operation of the large compressor 1 will be carried out as 
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mentioned above, and it progresses to block 18. Here, Flag nB is checked and it judges whether the large 
compressor 1 has started operation yet and how it is. In "no" (nB=l), since the large compressor 1 is already 
operated, a return is carried out to a main routine. In "yes", the directions which operate one according to the 
large compressorGO with block 19 are issued. Specifically, a rotational frequency is directed. The large 
compressor 1 is operated and it makes it reflect in a flag in the following block 20 to suspend the small 
compressor 2 (nB=l, nS=0). And a halt command is taken out with block 21 to the small compressor 2, and 
it changes so that it may change with block 22 and a vessel 3 may be led to the regurgitation air of the large 
compressor 1 by the fuel cell 4. 

[0025] In "no", it is G1<G0<G2 in block 17, and the large compressor 1 and the small compressor 2 will be 
suitably operated with a change at the point generating [ maximum effectiveness ]. In this condition, while 
operating the large compressor 1, since the output Wm which a fuel cell 4 generates is larger than the output 
WO demanded, that difference **W will be stored in a dc-battery 8 (charge). On the contrary, while 
operating the small compressor 2, only **W will be carried out from a dc-battery 8 (discharge). In the field 
of G1<G0<G2, the dc-battery 8 has discharged, and as shown in drawing 5 , it is necessary for it to be able 
to be necessary to stop being able to run a car, and to change discharge (small compressor 2 operation) 
thru/or its reverse change point from charge (large compressor 1 operation), since the charge-and-discharge 
rate of a dc-battery 8 changes with the magnitude of **W, so that [ regeneration energy ] it may become a 
full charge and it may no longer be stored. Charge initiation Rhine and discharge-starting Rhine are linearly 
changed so that the value of **W becomes large in drawing 5 , and DOD may change in 0% thru/or a place 
more distant than 100%. 

[0026] If it returns to drawing 3 and drawing 4 and explanation is continued, in the case of Gl <=G0<G2 (in 
the case [ Block 17 ] of "no"), **W will be calculated with block 23. Next, with block 24, it judges whether 
it is that the value of DOD is smaller (condition near a full charge) than discharge-starting Rhine, reading 
the map of drawing 5 . In "yes", the large compressor 1 is suspended and it makes the small compressor 2 
operated. In addition, since the function of blocks 25-29 is the same as that of the above-mentioned blocks 
12-16, explanation is omitted. 

[0027] It judges whether it is that the value of DOD is larger (condition near the completion of discharge) 
than charge initiation Rhine, progressing to block 30 and reading the map of drawing 5 with block 24, in 
"no." In "yes", the small compressor 2 is suspended and it makes the large compressor 1 operated. In 
addition, since the function of blocks 31-35 is the same as that of the above-mentioned blocks 18-22, 
explanation is omitted. 

[0028] With block 30, there is a value of DOD in the middle of charge initiation Rhine and discharge- 
starting Rhine, to the case of "no", will say that change actuation of a compressor is unnecessary, and carries 
out a return to a main routine as it is at it. 

[0029] Next, drawing 6 and drawing 7 are flow charts which show the contents of control in the gestalt of 
implementation of the 2nd of the compressor control in this invention. It connects in the part of (A) - (K), 
respectively, and drawing 6 and drawing 7 have become one flow chart. In addition, the usual system 
control shall be described by the main routine and describes only the change part of the compressor in 
connection with this invention as this subroutine. 

[0030] The maximum effectiveness outbreak flow rate of the large compressor 1 is set up smaller than 
rating, and the gestalt of this operation operates both of size compressors in rating, and secures an air 
content required for a fuel cell 4. There is an advantage that the large compressor 1 can be made somewhat 
small by carrying out like this compared with the gestalt of said 1st operation. 

[0031] Like the gestalt of said 1st operation, fundamentally, although it presupposed that the maximum 
effectiveness of the large compressor 1 is higher than the maximum effectiveness of the small compressor 2, 
the range where the effectiveness of the large compressor 1 is lower than the maximum effectiveness of the 
small compressor 2 was set to (GKG0<G2) and it is defined as maximum effectiveness outbreak flow rate 
=G3 of the large compressor 1, also here Temporarily, the maximum effectiveness of the large compressor 1 
defines it as the maximum effectiveness outbreak flow rate of the G2=G3= large compressor 1, the 
maximum effectiveness of the small compressor 2, an EQC, or when low. In this case, the individual- 
operation field of the large compressor 1 is lost. 

[0032] Although the flow chart shown in drawing 6 and drawing 7 is the same as that of said drawing 3 and 
drawing 4 fundamentally, since it has added the block 36 - the block 45 in order to judge the individual- 
operation field of the large compressor 1, and the operating range of the large compressor 1+ smallness 
compressor 2, it explains only this part. 

[0033] With block 17, in "yes", it progresses to block 36 and GO judges whether it is more than G3. In order 
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to carry out individual operation of the large compressor 1 by G2<G0<G3 in "no", it progresses to block 18. 
Although here to the point is fundamentally the same as the gestalt of said 1 st operation, since there is a 
field which makes coincidence operate the large compressor 1 and the small compressor 2 with the gestalt of 
this operation, in the decision step of the flag of blocks 12, 18, 25, 31, and 39 and 45 grades, it judges about 
both nS and nB. 

[0034] Next, in "yes" (GO >=G3), the necessity of operation of the small compressor 2 is judged with block 
36 on the value of **W which operates the large compressor 1 and is calculated with block 37, and the map 
(said drawing 5 ) of DOD read with blocks 38-44, and **W. In the individual operation (it corresponds to 
G3) of the large compressor 1 of this field (GO >=G3), a dc-battery 8 will be in a discharge condition, and a 
dc-battery 8 will be in a charge condition in operation of the large compressor l(it corresponds to G3)+ 
smallness compressor 2 (it corresponds to Gl). That is, in "yes", it is necessary to discharge a dc-battery 8, 
and a command is taken out with block 38 to it so that individual operation of the large compressor 1 may 
be carried out with blocks 39-43. 

[0035] By "no", when block 44 is "yes", it needs to charge a dc-battery 8, and block 38 issues a command so 
that the large compressor 1+ smallness compressor 2 may be operated with blocks 45-49. In addition, it is 
necessary to have the mode with which the regurgitation air of the compressor of two size flows into a fuel 
cell 4 at coincidence in the change machine 3 directed with block 49 at this time. Therefore, the mere 
Mikata selector valve cannot be used for the change machine 3 in the gestalt of this operation like the gestalt 
of the 1 st operation. 

[0036] Drawing 8 is the property Fig. showing the relation of the air flow rate and the fuel cell load, and 
effectiveness in the gestalt of implementation of the above 2nd. As shown in drawing 8 , in the gestalt of this 
operation, only the case where the large compressor 1 and the small compressor 2 both operate, and the 
large compressor 1 may operate in the field more than G3. Compressor effectiveness comes to be shown in 
E3, and the effectiveness of a compressor becomes almost flat in the range of GKG0< rating (large 
compressor 1+ smallness compressor 2). 

[0037] In addition, the part of the thick wire in the left half of E3 is the effectiveness of the field which 
changes the large compressor 1 and the small compressor 2, and is operated, as for a right half, a large 
compressor always operates, and a small compressor is the effectiveness in the field which carries out 
intermittent running. Moreover, the effectiveness of the whole fuel cell system at that time comes to be 
shown in E4. 

[0038] Moreover, in the gestalt of this operation, since what is necessary is just to double the maximum 
effectiveness outbreak flow rate of the large compressor 1+ smallness compressor 2 with rated output, there 
is an advantage that the maximum effectiveness outbreak flow rate of the large compressor 1 can be set up 
smaller than rating. 



[Translation done.] 
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[Drawing 2] 
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